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MetagenomeTRAKR:

Using metagenomic approaches for pathogen detection
and description of food and agricultural microbiomes

Farm to Fork Continuum — CFSAN Microbiome research



Metagenomics

Culture dependent vs. Culture Independent

uncultured f

DGGE (Denaturing Gradient Gel Electrophoresis) of 165 from the surfaces of apple trees



The ecology of pathogenicity
and the ecology of nutrition




Applied MetagenomeTRAKR

Quasi-metagenomics

Methods Development



Enrichment Methods: what co-enriches?

target organism: Salmonella

Non Enrich

Enriched
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~ Gram-positive bacterium YT0045
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" Spirochaetes

~ Verrucomicrobia
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Bacillus fusiformis and Bacillus sphaericus



Listeria monocytogenes in Ice cream — 48 hours of enrichment

Other Taxa
Pseudomonas spp.
Clostridium perfringens
Enterococcus spp.
Pasteurella multocida
Eschenchia coll
 Streplococeus spp
Staphylococcus spp
Furmicutes, unknown
Geobacillus spp.
Thermus spp.

Vibrio spp.
Anoxybacilus flavithermus
Listena monocytogenes
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Ice Cream 2015 Outbreak — Listeria monocytogenes

BLEB Half-Fraser Broth
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Relative Abundance

SUMMARY: MPBW 24 hour enrichments from Groupl papayas
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Other genera < 5%

. Achromobacter
. Aeromonas
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. Pseudomonas
. Ralstonia

. Serratia

. Staphylococcus
. Citrobacter
. E. coli

. Klebsiella

. Pantoea

. Enterobacteriaceae

. Enterobacter

. Salmonella enterica



Enriching papayas for Salmonella using the BAM
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Relative Abundance
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Other genera < 5%
- Aeromonas
. Lactococcus lactis
. Ralstonia
B Pances
- Escherichia coll
. Serratia
. Kiebsiella
. Enterobacteriaceae
B Providencia
. Pseudomonas
. Citrobacter
B enterovacter
. Salmonela enterica

(same color:

Gram positive
Extraction 35

same genera — order by

Genus: next chart — for easier comparison)

Other genera < 5%
- Lactococcus
. Vibrio
B Entercoactenaceae
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. Enterccoccus
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. Entercbacter
B Pseucomonas
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Gram negative
Extraction 35



TT every 4 hours incubated at 42 degrees — positive and negative papaya samples
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Characterization of microflora in Latin-style cheeses
by next-generation sequencing technology

Lusk et al. BMC Microbiology 2012, 12:254



Evaluation of Enriched Microflora of Raw
Milk Cheese Spiked with
E. coli 0157:H7 and
E. coli 0103

TINA LUSK PFEFER
RESEARCH MICROBIOLGIST
FDA/CFSAN

MICROBIOME RESEARCH AT THE NIH/FDA
MARCH 13, 2017
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3M Petri Films — noticing a suppressive effect
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EXPERIMENTAL DESIGN




Bacteria found in sprout water over 4 days

T0 T1 T2 T3 T4

100 1

Other genera < 5%
B Pantoea
M E. coli
B Escherichia
I Flavobacterium
M Delftia
B Curvibacter
B Enterobacter
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B Staphylococcus
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Fungi found in sprout water over 4 days
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75 1
Other genera < 5% B Anncaliia algerae
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B Clavaria fumosa B Tremella
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Protists found in sprout water over 4 days

T
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Percent
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0_
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T3

T4
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R1 R2 R3

Other genera < 5%
B Plasmodium ovale
B Eimeria
B Acanthamoeba palestinensis
B Hammondia hammondi
B Balantidium coli
B Endolimax nana
B Pseudoperonospora cubensis




Water dna extraction




Pseudoponospora




Protist

A protist is any eukaryotic organism that is not an animal, plant or fungus.



https://en.wikipedia.org/wiki/Eukaryotic
https://en.wikipedia.org/wiki/Organism
https://en.wikipedia.org/wiki/Animal
https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Fungus

Maryland Blue Crab Microbiome

Other Genera
Acidovorax

L Asaia
Aurantimonas
Bacillus
Bacteria, unassigned
Enterobacter
Lactococcus
Leuconostoc
Massilia
Methylobacterium

Microbacterium
Serratia
Sphingobacterium
Stenotrophomonas
Tatumella

Xanthomonas
Pseudomonas
Rhizobium
Erwinia
Sphingomonas

Callinectes sapidus



Maryland Blue Crab Microbiome (2)

Uncultured Cultured
Claw Gut Leg Meat Claw Gut Leg Meat

100 1

Other genera < 5%
M Aliivibrio
B Citrobacter
B Enterococcus
M Lysinibacillus
B Photobacterium
B Psecudoalteromonas
B Clostridium
B Proteus
B Ralstonia
B Providencia
B Vibrio
B Exiguobacterium
M Shewanella
B Propionibacterium
M Psychrobacter
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ldentifying risk factors







Fig 1. Bacterial Genera Unique to Phyllosphere and Control Samples.
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Agricultural Well water January - December
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Other genera < 7%
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Salmonella — Tomato Associated Outbreaks

occurring between 2000 and 2008 — with definitive geographic trace-back

2005 Enteritidis

2006 Typhimyrium

r2002 Newport
2005 Newport
2007 Newport
2009 Newport
"2010 Newport

’-—- 2004 Javiana
(FL,GA,SC)

| Ql
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2000 Thompson
2004 Braenderup
2005 Braenderup




California

Other Genera
Acidovorax

Bacillus
Curtobacterium
Enterobacter
Escherichia Shigella
Hymenobacter
Lactococcus
Paenibacillus
Pantoea

Rhizobium

Serratia
Sphingobacterium
Sphingomonas
Stenotrophomonas
Weissella
Xanthomonas
Enterobacteriaceae, unassigned
Pseudomonas

Bacterial Familes in CA tomato carposphere

16S rRNA gene V1-V2

Other Genera
Acidovorax
Bacillus
Curtobacterium
Enterobacter
Escherichia Shigella
Hymenobacter
Lactococeus
Paenibacillus
Pantoea
Rhizobium

Serratia
Sphingobacterium
Sphingomonas
Stenotrophomonas
Weissella
Xanthomonas
Enterobacteriaceae
Pseudomonas

Maryland Virginia  North Carolina

Bacterial Familes in MD, VA and NC tomato carposphere
16S rRNA gene
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Let food be thy medicine and medicine be thy food
All disease begins in the gut — Hippocrates (~2500 years ago)

“Foodisa
language thar

speaks to our

genes’
— Jeff Bland




39 trillion
microbial cells




2-20 million
microbial genes




3.5 billion 500 million 1 million



The human microbiome is now correlated with many

STATES OF HEALTH AND DISEASE...

IBS
(Irritable Bowel Syndrome)

Cardiovascular

CDI
C.difficile infection

Autism

Obesity



Vitamin D

AUTO IMMUNE DISEASES AND THE MICROBIOME

Intracellular microbes slow innate immune defenses by dysregulating the vitamin D
nuclear receptor, allowing pathogens to accumulate in tissue and blood.

Molecular mimicry between pathogen and host causes further dysfunction by
interfering with human protein interactions.

Asthma, Octopus



Loss of Diversity

Microbial Species Diversity

/?O Yo

High Species Richness and Lowto Low Species Richness and High Abundance
(a) Moderate Abundance (b) P 9

Figure 23.1



The effect of infections on susceptibility to autoimmune and allergic diseases
N Engl J Med. 2002
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Figure 1. Inverse Relation between the Incidence of Prototypical Infectious Diseases (Panel A) and the Incidence of
Immune Disorders (Panel B) from 1950 to 2000.

In Panel A, data concerning infectious diseases are derived from reports of the Centers for Disease Control and Pre-
vention, except for the data on hepatitis A, which are derived from Joussemet et al.'’? In Panel B, data on immune dis-
orders are derived from Swarbrick et al.,’® Dubois et al.,”* Tuomilehto et al.,** and Pugliatti et al.’®

Bach (2002) N Engl | Med,Vol. 347,911-920



Antibiotic use

Obesity rate by state, 2010 Antibiotic prescriptions per 1,000 people, 2010
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NEW LABEL / WHAT’S DIFFERENT

Nutrition Facts

8 servings per container
Serving size 2/3 cup (55g)

Amount per serving

Calories 230

% Daily Value*

Total Fat 8¢ 10%
Saturated Fal 1g 5%
Trans Fat 0g
Cholesterol Omg 0%
Sodium 160mg 7%
Total Carbohydrate 37g 13%
\ 3 — Dietary Fiber 4g 14%
L - Total Sugars 129
1 . includes 10g Added Sugars  20%
; Protein 3g
= ]
Vitamin D 2mcg 10%
Calcium 260mg 20%
iron 8mg 45%
Potassium 235mg 6%

* The % Dady Value (DV) %5 you how much & nutrent in
2 serving of food contrbute4as a dady det. 2.000 calones
o day = used for general netrtion advice




INSOLUBLE FIBER SOLUBLE FIBER
Increase through water Soluble in water
binding the volume of

the stomach content Passage through stomach and

NP small intestine
Satiety T -No influence: unchanged arrival
- in colon
o | -If very viscous: delayed rate of
Decreased transit time :‘,’, digestion

gastro-intestinal tract

through Mﬂj

\ FERMENTABLE

NON FERMENTABLE
L Dependent on:
Stool weight . — - Substrate : physical and chemical
“bulking effect” properties
- Microbiota composition
- Transit time

Micriobial mass

N2
Stool weight T






MICROBIAL FOOD PYRAMID

USE SPARINGLY
microbes assoicated with sugars , fats and oils

Acinetobacter
Colwellia
Burkholderia
Saccharomyces

2710 3 SERVINGS
microbes associated with dairy, poultry and beef

Lactobacillus
Lactococcus
Prevotella
Exiguobacterium

5T07 SERVINGS
microbes associated with fruits and vegetables

Erwinia
Ralstonia
Sphingomonas

6 1O 11 SERVINGS
microbes associated with cereals and grains

Saccharomyces
Lactobacillus
Bacillus
Pantoea
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Microbiome Research at the NIH/FDA

Overview Agenda Visitor Information Registration WebEx Invitation

General Information

Microbiome Research at the NIH/FDA For conference related
ques(ions please contact:
"Sponsored by the NIH intramural Microbiome Working Group” Howard Young

301-846-5743

March 13, 2017 Location
Lipsett Auditorium, NIH Main Campus
Lipsett Auditorium
SAVE THE DATE! NIH Main Campus
Building 10
Bethesda, Md. 20892

Overview:

The purpose of this meeting is to bring together labs across the NIH and FDA intramural programs that are working on
microbiome related projects. It is hoped that this meeting will lead to more communication, interactions and new
collaborations between laboratories interested in how the microbiome impacts health and disease.

“Graphic courtesy of Hyperbiotics”




Microbiome Research at the NIH/FDA

Overview Agenda

Agenda

Opening remarks:
08:30 - 08:40

Morning Session:
08:40 - 08:50

08:50 - 09:05

09:05 - 09:20
09:20 - 09:35

09:35 - 09:50
09:50 - 10:05
10:05 - 10:20
10:20 - 10:32
10:32 - 10:44

10:44 - 10:56

10:56 - 11:08

11:08 - 11:20

11:20 - 11:32
11:32-11:44

11:44 - 11:56

Visitor Information Registration WebEx Invitation

"Graphic courtesy of Hyperbiotics”  Howard Young

Howard Young (Chair)

Introduction to microbiome research at the FDA
Andrea Ottesen, Chair

Thoughts on the microbiome medicine /nutrition intersect for
FDA
Robert Califf

Microbiome of oysters
Padmini Ramachandran

Role of MAIT cells in resistance to Clostridium difficile infection
Paul Carison

Strain-Level Discrimination of Shiga Toxin-Producing
Escherichia coli in Spinach Microbiome
Susan Leonard

High level overview of data gaps in assessing the risk to human
health of antimicrobial residues in food animal edible tissues on
the human intestinal microbiome Heather Harbottle

BREAK

Impact of antibiotic exposure on microbiome and resistome
Danlel Tadesse

NGS Toolbox for Probiotic Analysis
Carmen Tartera

Microbiome of pasteurized and unpasteurized Gouda cheeses
Joelle Salazar

Evaluation of Enriched Microflora of Raw Milk Cheese Spiked
with E. coli 0157:H7 and E. coli 0103
Tina Pfefer

Food microbiomes: profiling food commadities
Karen Jarvis

High-Resolution Taxonomic Profiling to Enhance Translational
Microbiome Research
James Robernt White

Impact of the gut microbiome on the response to TNF antagonist
treatment; /n vivo pilot study

Odile Gabay Engel

Models to assess effects of nanoparticles on intestinal
microbiome

Sangeeia Khare

General Information

For conference related
questions please contact:

4/_ e 301-846-5743
4 &, \ Location

‘ . o ; Lipsett Auditorium
- V'EM NIH Main Campus
G i Building 10
— Bethesda, Md. 20892

Food microbiomes, oy
MAIT cells C. diff
Detection, E. Coli

AMR
Probiotics, Nutrition

Food microbiomes, ch

Food microbiomes, cil:
cucumber, sprouts

TNF antagonist
Nanoparticles

sters

Eeses

antro, masala,
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GenomeT. RAKRcp

Large single copy region
(LSC)

Sains

Sara Handy, Ning Zhang, Padmini Ramachandran, Yan Luo, Ruth Timme, Andrea Ottesen



GenomeTrakrCP (Chloroplasts)
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Erwinia

Pantoea
Enterobacteriaceae
Pseudomonas
Blastochloris
Burkholderia
Cavulobacter
Flavobacterium
Methylobacterium
Curtobacterium
Rathayibacter
Actinoplanes
Actinobacter
Cellulosimicrrobium
Pannonibacter
Novosphingobium
Nelgliglelelsplolgle N
Sphingomonadaceae
Aminobacterium
Alphaproteobacteria
Other Taxa



bacterial fingerprints of foods and dietary supplements

capsule
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Deer Diet
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and what was our food fed?
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C. diff in Papaya’s from Mexico

Count of Peptoclostridium difficile Clostridioides difficile
Enriched Papayas - Processed with Kraken
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